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STEPHEN

D. MERRILL*, ALFRED L. BLACK AND TED M. ZOBECK

ABSTRACT

A long-term study of the wind erodibility properties of a two-year spring wheat-summerfallow cropping
systems was started in 1988 in south-central North Dakota as part of an USDA-ARS led effort to construct
a process-oriented soil erosion predictive model. Observations were conducted on a conservation tillage
experiment established in 1984 on soil classified in the U.S. as Typic-Pachic Haploborolls and in Canada
as Brown to Dark Brown Chenozemic. The experiment included four residue-management treatments
defined by targeted residue coverages: no-till, > 60% cover; minimal-till, 30% to 60% cover and
undercutter dominated; conventional-till, < 30% cover and disk dominated; low-residue, < 5 % cover. Fall
and spring measurements of dry aggregate size distribution (ASD) of surface soil (0 to 4 em depth), and
overwinter changes in ASD are reported here. A rotary sieve produced six size fractions ranging from
< 0.42 mm to > 19.2 mm diameter. Measurements of ASD are expressed as geometric mean diameter
(GMD) or erodible fraction (EF: fraction < 0.84 mm). Two major influences on overwinter changes in
ASD were observed: (i) During the drier part of a multiyear weather cycle (1988 to 1990), disaggregative
changes were observed, with a lowering of GMDs and an increase in EFs. Wetter years (1991 to 1993)
brought mixed to aggregative ASD changes. (ii) The phase of the 21-month fallow period strongly affected
overwinter ASD change, with large, aggregative changes (GMD up, EF down) observed over the first
winter of the fallow period (stubble phase) and mixed aggregative to disaggregative changes observed in
the second winter of fallow (residue phase). Tillage treatments had little apparent effect on overwinter
ASD changes. Single and multiple regressions indicate that various factors would associate with significant
fractions of variance in overwinter GMD change: (i) weather factors - (a) number of days with snowcover,
(b) number of freeze-thaw cycles, and (c) precipitation in the fall; (ii) crop growth in years before the
year of fallow; (iii) phase of the fallow period; and (iv) GMD level in the fall.
INTRODUCTION

A minimal description of the wind erodibility of a
cropping system should include (i) wind erodibility of
the soil alone, (ii) soil surface roughness, (iii) residue
or plant area coverage, and (iv) residue or plant
standing profile. Soil wind erodibility is most comprehensively represented by dry aggregate size distribution (DASD or ASD), best measured by rotary
sieving (1). As described by Zobeck (2), a number of
properties constitute soil wind erodibility, including
aggregate stability, soil crust properties, extent of
loose-erodible material, and bulk density. However,
ASD is the soil wind erodibility property that has been
most often used and studied.
ASD measurements have been most commonly
represented in the past as the erodible fraction (EF:
fraction < 0.84 mm). Basic wind erosion models (3, 4,
5) use EF to represent soil factors of wind erodibility.
The EF values from a nationally distributed ASD data
set have been related to intrinsic soil properties (6). In

recent years, researchers (7, 8, 9) have used the
geometric mean diameter (GMD) and geometric
standard deviation (GSD; [10]) to represent ASD. More
complete information about an ASD is given by GMD,
or by GMD and GSD together, than by EF.
While a number of studies of the effects of crop
and soil factors upon ASD have been carried out for
less than five years, very few studies spanning 10 or
more years have been published. Wet-dry weather
cycles in the Great Plains region typically last from 13
to 20 years. Moulin and Townley-Smith (11) showed
that yearly variation was much greater than herbicide
versus tillage differences with 14 years of ASD data
from spring wheat-summerfallow in Saskatchewan.
Bisal and Ferguson (12), with 12 years of
Saskatchewan wheat-summerfallow ASD data, showed
,that seasonal variations on a clay soil were greater
than on two other soils, and approached the size of
variations observed among years. In studies by Bisal
and Ferguson (12) and by Merrill et al. (13, 14), the
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main seasonal variations in ASD occurred overwinter
and in spring. Thus, studies focused on overwinter
ASD effects are justified.
Reports of overwinter changes in ASD status fall
into three rough groups: predominantly aggregative,
mixed aggregative, and disaggregative, Or predominately disaggregative. Predominantly disaggregative
overwinter ASD effects have been reported for Kansas
by Chepil (1 5) and by Armbrust et al. (16). Bullock et ·
al. (17) and Lamey et al. (18) have recently reported
predominantly disaggregative overwinter ASD effects
for Alberta. Bisal and Ferguson (12) observed both
aggregative and disaggregative ASD changes in
Saskatchewan depending upon soil type and phase of
multiyear drought cycle. Layton et al. (19) measured
disaggregative effects in Kansas for clean and stubblemulch tillages, but moderately aggregative overwinter
changes for zero tillage. Anderson and Wenhardt (20)
observed an average decrease in EF (predominantly
aggregative) overwinter during a seven-year study on
a Saskatchewan soil.
While climate appears to have the greatest reported
overall effect on overwinter ASD changes, soil type,
crop, or tillage can modify this. Armbrust et al. (16)
observed that increases of EF overwinter were greater
under soybean than under sorghum, and least under
wheat. Bullock et al. (17) measured little overwinter
ASD change after fall tillage by Noble blade, but
moderate disaggregation with disking.
Bisal and
Nielsen (21) found mainly disaggregative ASD changes
over a 10-year period in sandy loam soil, but a mixture
of aggregative and disaggregative changes in loam and
clay.
Laboratory studies of freezing and thawing effects
on ASD (22, 23) show that disaggregation is more
likely to occur in samples that are relatively wet at the
time of freezing. Drying of soil while frozen greatly
Slow
increases aggregate break-down (23, 24).
thawing under non-drying conditions of soils frozen in
a relatively wet state will result in retention or increase
of aggregation (21, 24). Anderson and Bisal (24)
increased snowcover with fencing in Saskatchewan,
and observed decreases in EF overwinter. They
observed strong disaggregation (increases in EF)
where snow was kept off the ground but air could
pass under the shelter, causing drying.
The study reported here was started under the
auspices of the USDA-ARS led Wind Erosion Research
Model (WERM) project (25). WERM is a processoriented and modularized model of wind erosion and
wind erodibility phenomena. A user-oriented Wind
Erosion Prediction System (WEPS) is being developed
from WERM. An important part of such models is
description of soil wind erodibility properties and
processes (2). Because there was a general lack of
studies about ASD processes over a range of soilclimate situations, and also little information about the
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relationship of various soil wind erodibility properties,
a series of studies including the present one were
established (26).
This paper examines overwinter ASD effects in
spring wheat-summerfallow cropping in North Dakota
spanning a six-year period. The relative influence of
modern conservation tillage treatments, including notill, will be compared to that of climate, an
examination made possible by a concerted multiyear
drought cycle that began during the first year (1988) of
the study. A regression analysis of the influences of
tillage, plant production, overwinter climate factors,
and phase of crop-rotation on ASD change is
presented.
METHODS

Observations of ASD and other wind erodibility
properties have been conducted since 1988 in a spring
wheat-summerfallow system that is part of a long term
conservation tillage experiment established in 1984
(27). The site consists of Temvik-Wilton silt-loam
(U.S.: fine-silty, mixed Typic and Pachic Haploborolls;
Canada: Brown to Dark Brown Chernozemic) and is
located near Mandan in south-central North Dakota.
Conservation tillage treatments were managed to
obtain targeted residue coverage levels.
Tillage
treatments and residue coverage targets were: (a) lowresidue, < 5% - primary fallowing tillage with offset
disk with one or two secondary tillages later in the
season by tandem disk or undercutter; preplant tillage
by tandem disk; (b) conventional-till, < 30% - primary
fallow tillage by tandem disk, followed by one
secondary tillage it necessary by undercutter, and one
substitution for tillage by herbicide; preplant tillage by
tandem disk; (c) minimal-till, 30% to 60%- usually one
fallowing tillage by undercutter, with several herbicide
applications; preplant tillage by undercutter; (d) no-till,
> 60%, with herbicide applications as necessary.
The fallow period in the spring wheatsummerfallow rotation is about 21 months long, and
may be divided into three periods. During the first fall
and winter following harvest in early August, all
treatments are in a crop stubble condition; this lasts
about eight months. After primary fallow tillage in
May, the treatments are in varying states of surface
disturbance over a nearly five month period. During
the period of the second winter and spring of fallow,
the ground is in variable condition, ranging from
decayed stubble of no-till to the intensely tilled
condition of the low-residue treatment. Overwinter
conditions are thus considerably more uniform during
the first winter of fallow, with snow trapping by
stubble possible in all treatments, than during the
second winter. We will refer to the first overwinter
fallow period as the "stubble phase" and the second
overwinter period as the "residue phase."
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The average residue cover values, measured by
photographic means over a five-year period in the fall
after the second winter of fallow (residue phase),
were: 18%, 44%, 61% and 73% for low-residue,
conventional-till, minimal-till and no-till treatments,
respectively.
Surface soil was sampled about every 30 days in
non-winter months. Two triple-composited samples
were taken from each replicate plot to a depth of
about four em with a flat-bottomed shovel. After air
drying at 30"C for about two weeks, dry aggregate size
distribution (ASD) was determined by rotary sieving 1
kg of sample using an instrument described by Chepil
(1). This sieve produces size fractions of < 0.42 mm,
0.42 to 0.84 mm, 0.84 to 2 mm; 2 to 6 mm; 6 to 19.2
mm, and > 19.2 mm.
Measurements taken in April and October (or in a
few cases, May and/or November) were used to
calculate overwinter differences in erodible fraction
(EF) and GMD.
Individual overwinter difference
values of GMD (GMDdiff.) were transformed by a
convenient log function:
Log[GMDdiff.l = Sign[GMDdiff.]
•toglO[ I GMDdiff. I + 1)
where sign (-1, 0, or +1) is the function coefficient.
This transformation allows the sign of GMD change to
be retained while at the same time using logarithmic
scaling. GMD differences, measured on individual
replicate plots, were log-transformed before averaging.
Simple and multiple regressions with logtransformed GMD changes as the dependent variable

were carried out for residue phase-of-fallow
conditions alone (n = 20) and for the complete dataset
(stubble and residue phases, n = 32). Because of the
large effect of the phase-of-fallow on the results,
values of the average GMD changes in each of the
two phases were used to create a dummy independent
variable for use in multiple regression analysis. This
should allow influences of other factors to be better
evaluated. A factor representing the influence of
initial GMD value, labeled "fall GMD", was set up to
determine if a relatively large GMD in the fall would
constitute a small potential for aggregative change
overwinter, and vice-versa.
In order to carry out multiple regression analysis so
that the influence of various independent variables on
GMD changes could be numerically compared, input
variables were scaled in the following manner: the
median was determined and set equal to 50, the value
most different from the median was set equal to either
10 or 90 as appropriate, and other values were then
scaled proportionately (see Table 1). Some factors
(freeze-thaw, fall precipitation, fall GMD: see below)
were subtracted from 100 so that expected regression
coefficients would be positive. Weather-based factors
were calculated from data collected at the ARSNorthern Great Plains Research Lab, located about 8
km from the research site, and processed by the USDINOAA. Independent variables established were: (i)
winter factors: (a) snowcover factor based on the
number of days between October 15 and March 15 in
which more than a trace amount of snowcover was

Table 1. Over-winter meteorological data, wheat straw production data, and their independent factor
values as used for regression analysis.
Winter

Effect or Factor
Snowcover, days
(A) SNOWCOVER FACTOR
Effective freeze-thaw cycles,

#

1988/89

1989/90

1990/91

1991/92

83

42

53

60

100

73
31.9

32
61.9

43
63.3

50
52.2

90
24.4

36
7.2

34
9.6

50
17.1

90
8.8

1992/93

(B) FREEZE-rnAW FACTOR
Fall (4-mo.) pr~cipitation , em

79.2
11.2

(C) FALL PRECIPITATION FACTOR

41.5

62.5

50

10

53.8

. 64.6

43.5

42.3

36.7

77.9

2.43

1.12

2.37

3.55

5.16

87

88

89

90

91

7.39

5.21

4.80

4.67

7.53

85, 87

86,88

87, 89

88,90

89, 91

52.4

34.8

33.3

30.8

53.5

WINTER COMBINATION FACTOR
(AVG A+B+C)
Average wheat straw yield
(previous year), Mg ha-1
Year of straw yield
Average 2-crop cycles/straw yield, Mg ha-1
Years of straw yield
2-YEAR PLANT PRODUCTIVITY
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present; (b) fall precipitation factor based on August
through October precipitation; (c) freeze-thaw factor
based on the number of 24 hr periods between
October 15 and March 15 in which the ambient
temperature has a maximum 1. 7'C above and a
minimum 1.7'C below O'C, and then proportionately
decremented by the fraction of each month with
snowcover; (d) winter combination factor, the average
of the three; (ii) plant productivity factors, based on
wheat straw production in either the single crop year
before the fallow tillage season preceding a winter, or
on straw production for the previous two crop-phase
years (see Table 1); (iii) surface residue factor based
on percent residue cover measured in fallow-phase
plots in the fall; (iv) phase-of-fallow factor set at 40.96
for all residue phase data and at 65.06 for all stubble
phase data; (v) fall GMD factor based on the relative
value of log-transformed GMD in the fall.

OVero;inter Changes: Overwinter changes in GMD
appear greater than changes within year-5 (Fig. 1).
Average aggregate sizes were considerably smaller
during the drought years 1988 to 1990 than during
later years (see Fig. 2 for precipitation information).
Because GMD values ranged from a dust-like state of
about 0.5 mm to a consolidated soil condition,
indicated by GMD values of > 30 mm, use of log
values is convenient.
Compilation of fall, spring, and overwinter changes
in EF values is shown in Table 2. Positive EF change
is disaggregative or negative aggregative. Overall
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Figure 2. Average annual precipitation
measured in the vicinity of Mandan, ND.

STUBBLE PHASE OF FALLOW

=
+

2.0

iti

1.5

i

RESULTS

60

E

.g.
c

f.O

~

0.5
0.0

&;"'

!

-0.5
· 1.0

-~

"'

·1.5

1180~1

U81~2

1182/113

RES IDUE PHASE OF FALLOW
2.0

=

1.5

;;;-

1.0

!

0.5

+

:1.. !5 -,

E"
.5.

0

~;;;-

•. o

0

::E
~

i

0.$

0

g,

o.o
·0.5

"'

0.0

...I

·1.0
· 1.5,
1881/lt

-LA

1818/110

11!!!!!1

CT

Figure 3. Overwinter changes in GMD
values, Log10 transformed, of ASD
for indicated tillage treatments.
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Figure 1. Average GMD calculated from ASD
measurements made with a rotary sieve, Log1 o
transformed, for spring wheat-summerfallow
plots fallowed on even- and odd-numbered
years.
trends were that disaggregation occurred during the
drought-affected winters 1988/89 and 1989/90, and
that increase of surface aggregate sizes predominated
in 1990/91 and 1992/93, with a slight average of
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disaggregation being observed for 1991/92.
Differences are noted in EF changes between phases
of the fallow period, that is, between plots that have
gone through the first winter of fallow (the stubble
phase) and those that have gone through the second
winter of fallow (the residue phase). Changes in EF
were all aggregative for 3 winters in stubble phase, but
our unbalanced dataset shows three out of five
winters in residue phase being disaggregative. No
readily discernible pattern of tillage treatment effects is
evident ·(Table 2) for individual winters, nor are the
treatment averages of EF changes different, except the

journal of the Minnesota Academy of Science

Research Articles
Table 2. Erodible fraction (EF) values (as percentages of dry aggregate size distributions) measured in
fall and in spring, and spring minus fall differences, for conservation tillage treatments.
Phase
Winter of Fallow Season
1988/89 Residue

1989/90 Stubble

1990/ 91 Residue

Fall
Spring
Difference
Fall
Spring
Difference
Fall
Spring
Difference

LRt

cr

MT

NT

Averages

----------------------------------------------% --------------------------------------------34.3
45.9
11.1 a*
45.8
56.9
11.1 a
38.3
37.9
-0.4a
40.7
26.5
- 14.2 a

32.7
42.1
9.5 a
48.9
55.1
6.2 a

26.6
31.3
4.7 a

23.9
37.0
13.1 a

53.0
55.6
2.7 a

36.9
35.9
-1.0 a

37.4
36.0
-1.5 a

47.3
24.9
-22.3 a

51.8
32.9
-18.9 a

51.0
57.3
6.3 a
44.4
36.1
--8.3 a
44.7
25.5
-19.2 a

39.3
36.5
-2.8
46.1
27.5
-18.7

21.6
45.7
24.2 a

25.6
41.1
16.5

29.4
39.1
9.7
49.6
56.2
6.6

1990/91 Stubble

Fall
Spring
Difference

1991/92 Residue

Fall
Spring
Difference

23.4
39.8
16.4 ab

1991/ 92 Stubble

Fall
Spring
Difference

33.7
25.1
--8.5 a

30.1
19.9
-13.1 a

32.5
22.4
-10.2 a

30.3
24.4
-5.8 a

31.6
22.2
-9.4

1992/93 Residue

Fall
Spring
Difference
Fall
Spring
Difference

42.3
21.6
-20.7 ab
45.9
13.4
-32.6 b

40.5
15.2
-25.3 b
42.7
16.1
-26.6 ab

37.1
19.1
-18.0 b
46.6
18.2
-28.3 ab

34.9
19.3
-15.7 a
44.5
21.4
-23.1 a

38.7
18.8
19.9
44.9
17.3
-27.7

Difference
3.8

-4.7ab

- 7.9 a

-6.8 ab

-3.6 b

1992/ 93 Stubble

Average
LSD=

25.6
35.5
9.9 b

27.8
43.3
15.4 ab

t LR = low residue; CT = conventional-till; MT = minimal-till; NT
* Means followed by the same letter are not different (p < 0.05).
statistically marginal comparison of the largest and
smallest treatment averages.
Fall, spring, and overwinter changes in GMD
values are compiled in Table 3. Averages across
treatments for log-transformed GMD changes are
shown in Fig. 3. In comparing GMD results in Table 3
and Fig. 3 with EF results in Table 2, the inverse
relationship between EF and GMD (7) must be kept in
mind.
The overall pattern of GMD overwinter changes
approximates that of EF changes, with more disaggregative changes found in the winters of 1988/89 and
1989/ 90, and more aggregative changes found in the 3
winters following.
However, there are several
differences in the respective patterns. Observations
made in both the winters 1988/ 89 and 1989/90 during
residue phase showed disaggregative EF changes,
while GMD changes in winter 1988/ 89 were slightly
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aggregative. Also, the EF changes during stubble
phase in winters 1990/ 91 through 1991/92 were all
more aggregative than during residue phase, while the
average residue phase GMD change in winter 1992/ 93
was larger than the change during stubble phase.
As with overwinter changes in EF, GMD changes
(Table 3) show no consistent pattern of variation
among tillage treatments for individual winters. The
treatment averages of GMD change display the same
pattern of conventional-till and minimal-till having
'larger GMD increases and the two extreme tillage
treatments, no-till and low-residue, having smaller
increases. However, differences in average GMD
changes among treatments are non-significant for both
non-transformed (Table 3) and log-transformed
values (Fig. 3).
An analysis of variance using General Linear
Models software (28) for our unbalanced data set was
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Table 3. Geometric Mean Diameters ( GMD) of dry aggregate size distributions measured in fall and
spring, and spring minus fall differences for conservation tillage treatments.
Phase
Winter of Fallow

Season

1988/89 2nd Fallow
Winter
Difference

Fall
Spring

1989/90 2nd Fallow
Winter
Difference
1990/91 2nd Fallow
Winter
Difference

LRt

cr

MT

Nf

Averages

-------------------------------------------mm -----------------------------------------------2.37
1.57
-0.80 a*

3.66
6.45
2.79 a

4.53
5.64
1.12 a

4.70
4.42
-0.28 a

3.81
4.52
0.71

Fall
Spring

1.14
0.71
-0.43 a

1.03
0.90
-0.13 a

0.82
0.90
0.08 a

0.87
0.82
-0.05 a

0.97
0.84
-0.13

Fall
Spring

2.27
2.16
-0.11 a

2.30
2.40
0.11 a

2.26
3.99
1.73 a

1.91
17.84
15.93 a

2.18
6.60
4.42

Fall
Spring

1.72
46.99
45.28 b

1.18
57.32
56.14 a

0.85
24.28
25.13 b

1.42
44.22
42.81 ab

1.29
43.20
42.34

1991/92 2nd Fallow
Winter
Difference

Fall
Spring

8.38
3.56
-4.83 a

5.75
7.72
1.97 a

6.38
2.03
-4.35 a

12.77
1.46
-11.31 a

8.32
3.69
-4.63

1991/92 1st Fallow
Winter
Difference

Fall
Spring

2.60
3.75
1.15 a

4.16
19.07
14.91 a

3.17
8.51
5.34 a

3.67
4.82
1.15 a

3.40
9.04
5.64

1992/93 2nd Fallow
Winter
Difference

Fall
Spring

1.47
12.75
11.28 b

1.61
35.09
33.48 a

2.11
30.22
28.11 ab

2.84
10.19
7.35 b

2.01
22.06
20.05

1992/93 lst Fallow
Winter
Difference

Fall
Spring

1.37
16.68
15.30 a

1.64
10.77
9.13 a

1.25
11.82
10.57 a

1.41
6.29
4.89 a

1.42
11.39
9.97

8.36 a

14.80 a

8.47 a

7.56 a

1990/91

1st Fallow
Winter
Difference

Average
LSD=

Difference
NS

~

t LR = low residue; CT = conventional-till; MT = minimal-till; NT = no-till.
* Means followed by the same letter are not different (p < 0.05).
conducted with phase-of-fallow nested within winters
Total model effects attained highest
(Table 4).
significance for EF changes, a middle level for logtransformed GMD changes, and least significance for
non-transformed GMD changes. Only log-transformed
GMD changes were significant for tillage treatment
effects, replication was more significant for logtransformed data than for EF and regular GMD data,
and more interactive effects were significant for logtransformed data than for the other data types.
Regression analyses: All three of the winter factors
have ranges of values greater than 2 to 1 (Table 3).
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The freeze-thaw and snowcover factors are very
similar, particularly in scaled form . This reflects the
close natural relationship between these factors . The
two-year plant productivity factor shows less range of
value compared to the one-year plant productivity
factor . It should be noted. that the one-year
productivity factor has exactly the same rankings
among values as does the winter combination factor
(Table 1).
Regressions between various factors and both logtransformed Oog[GMDdiff.]) or non-transformed GMD
changes showed that the log-transformed data
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Table 4. Analysis of variance of overwinter changes in ASD expressed as difference in erodible fraction
(% aggregates < 0.84 mm), GMD diff, and Log1o(GMDdift].
Degrees
of Freedom

Effectt
Tillage (T)
Replicate (R)
TxR
Winters (W)
WxT
WxR
Phase-of-Fallow (PF [WD
PF(W x T)
PF(W x R)
Total Model
Error

2.8
3.0
0.9
116.5
1.6
1.7
60.4
0.8
0.6
13.4

3
2
6
4
12
8
3
9
6
53
42

F Ratio Values
GMD diff

EF diff

LogTdiff
3.3 •
5.4 ••
1.6.
51.3 •••
2.1•
1.8 ns
39.2 •••
1.5 ns
1.0 ns
7.8 •••

2.2 +
3.4.
2.5 •
19.4 •••
l.lns
0.7 ns
27.3 •••
1.8 ns
2.1 +
4.4 •••

+t
+

ns
•••
ns
ns
•••
ns
ns
•••

t Probability of a larger F-value: + < 0.10, • < 0.05, •• < 0.01, ••• < 0.001; ns = not significant.

consistently produced larger R2 values, and are thus
used for analysis here. Single factor regressions of logtransformed GMD changes during residue phase only
(n = . 20, Table 5) indicate that while the winter
combination factor had the largest R2 value, the twoyear plant productivity factor gave the next largest R2,
considerably greater than the possibly more natural
one-year plant productivity factor. This undoubtedly
reflects the close conformity of the winter combination
and two-year plant productivity factors .

Single factor regressions for combined stubble and
residue phase conditions (n = 32, Table 5) indicate
that the artificially formed phase-of-fallow factor had
nearly as great an R2 value as the fall GMD factor. The
phase-of-fallow factor, being based on the dependentvariable resultant of the same factor, is designed to
remove variance from that source so that the influence
of the other factors may be better examined in
multiple regression. The small R2 values of various

Table 5. Results of regressions of logarithmically transformed overwinter GMD differences Log[GMDdiff.)
with single independent variable factors and results of multiple regressions of Log[GMDdiff] with
individual factors combined with the phase-of-fallow factor.
Single Factor
Regression
Residue Phase
Only, n • 20
R2
sign

Factor

Single Factor
Regression
Residue &: Stubble
Phases, n • 32
R2
sign

Multiple Regression with
Phase of Fallow &: Another
Residue &: Stubble
Phases, n • 32
R2
Sign

--

--

.309

•• t

--

--

Fall GMD

.222

•

.320

••

.499

••

Surface Residue

.037

ns

.024

ns

.317

Snowcover

.334

.112

ns

.393

Freeze-Thaw

.241

.041

ns

.349

Dry Fall

.299

••
•
•

.181

•

.570

••
••
••
••

Winter Combination

.514

••

.160

•

.474

••

Plant Productivity
1-Yr
2-Yr

.245
.445

•
••

.122
.146

•
•

.348
.501

••

Phase-of-Fallow

t Significance levels: ns
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=

••

not significant, • < 0.05, •• < 0.01, ••• < 0.001.
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other factors in simple regression using data from both
phases of fallow shows the value of this approach.
The very small R2 value (Table 5) for the regression
of residue phase with the surface residue factor, and
the small additional amount of variation associated
with this factor in multiple regression with the phaseof-fallow factor is expected, as GMD changes showed
little consistent pattern of variation among treatments
(Table 3).
Stepwise selection and forward selection multiple
regression procedures (28) were used to produce
predictive equations summarizing part or the whole of
the data set. The significance levels for entry into
models were 0.15 and 0.50 for stepwise and forward
selection, respectively. Multiple regressions with
independent variables scaled in a nearly uniform
manner, as has been attempted here, should allow
relative influences and interaction among variables to
be observed.
When four factors WINC (winter combination),
PLPR2 (2-year plant productivity), FGMD (fall GMD),
and SURF (surface residue) are presented, stepwise
and forward selection procedures using data from
residue phase only (n = 20) produce the following
equation, which has a slightly lesser R2 value than the
0. 700 produced by inclusion of all four factors:
Log[GMDdiff.) = -2.285 + 0.024*WINC +
0.017"FGMD + 0.007"SURF; R2 = 0.699
When the three individual winter factors SNOC
(snow cover), FRTW (freeze-thaw), FPCP (fall
precipitation) are presented, stepwise selection on the
residue phase part of the data set produces:
Log[GMDdiff.) = -1.846 + 0.063*SNOC0.043*FR1W + 0.020*FPCP; R2 = 0.754.
When forward selection is applied to the entire
data set (n = 32) with five factors being presented,
including PHOF (phase-of-fallow), PLPR2, FGMD,
SURF and either FPCP or WINC, the following four'
factor equation is produced:
Log[GMDdiff.] = -2.805 + 0.029"PHOF + 0.19*PLPR2 +
O.o17"FGMD + 0.005*SURF; R2 = 0.617
This compares in R2 value to 0.622 or 0.619 when
5 variables, including either FPCP or WINC are used.
The measured Log[GMDdiff.J values are plotted against
those predicted by this equation in Figure 4.
When three individual winter factors along with the
phase-of-fallow factor are presented to stepwise and
forward selection using the full data set (n = 32), the
following equation is obtained:
Log[GMDdiff.] = -2.351 + 0.029"PHOF+ O.o66*SNOC 0.054*FR1W + 0.015*FPCP; R2 = 0.726.
For both residue phase alone, or with the full data
set, regressions with multiple winter factors produce
larger R2 values than do equations with a general
mixture of factors,
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Figure 4. Measured values of overwinter
changes in Log10 [GMD] plotted against values
predicted by the regression equation:
Log[GMDdiff.] - -2.805 + 0.029*FALP +
0.019*PLPR2 + 0.017*FGMD +0.005*SURF;
R2- 0.62 (forward selection).
FALP- fallow phase, PLRP2- 2-yr plant
productivity, FGMD - fall geometric mean
diameter, SURF - surface residue. Winter
combination factor excluded.
DISCUSSION

An overall evaluation of the relative size of
overwinter changes in GMD compared to
complementary spring to fall changes is best made by
comparing the medians for overwinter versus
oversummer changes. Our data set is unbalanced,
containing three plot winters under stubble phase-offallow conditions, and five plot winters under residue
phase conditions. The complementary data set for the
summer period (May - October) spanning the same
1988 through 1993 period contains four crop phase
plot years ard six fallow phase plot years. The median
GMD change is 5 mm over winter and -0.3 mm oversummer. This constitutes tentative evidence that, for
the widespread wheat-summerfallow system on
Haploboroll/Dark Brown Chernozemic soil, overwinter changes in ASD are larger and relatively more
aggregative than changes measured over summer.
Because the period of observation covers about half of
a large Great Plains weather cycle, moving from
drought to wetness, more definitive evidence awaits
another three to five or more years of observations in
the current experiment and reports from other longterm wind erodibility studies.
The main observation of this study, that overwinter ASD changes during the stubble phase of fallow
in a wheat-summerfallow rotation are considerably
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more aggregative than changes during the later residue
phase, is supported by observations made by
Campbell et al. (7, 8) in a number of long-term
cropping studies in Saskatchewan. Their observations
in the spring of 1991 in both two-year spring wheatfallow, and three-year wheat-wheat-fallow rotations,
found larger GMD and smaller EF following the
stubble phase-of-fallow than in plots following the
residue phase.
The concept of a plant productivity factor seems to
arise from the overall pattern of ASD results observed
during the first three or four years of the experiment
(Fig. 1). The GMD values for plots fallowed in oddnumbered years appear to be generally smaller than
those fallowed in even-numbered years, espedally
during the drought-affected years 1989 and 1990.
Small GMD values for odd year-fallowed plots are
believed to be affected by particularly little crop
growth during 1988 (see Table 1). Another basis for a
plant productivity factor is work by Black (29), in
which addition of wheat straw decreased EF values
considerably in wheat-summerfallow. As used here,
the term "plant productivity factor," could perhaps be
labeled "multiyear residue factor," which would
distinguish it from the "residue factor" based on our
measurements in tillage treatments during the residue
phase-of-fallow. A plant productivity factor is difficult
to describe because it involves a spectrum of effects
involving such processes as over-winter snow capture
by standing residue, over summer protection of
aggregates by flat residue, and basic aggregate
enhancing processes such as root binding and
availability of easily-decomposible organic matter.
During the stubble phase-of-fallow in a wheatsummerfallow system, physical winter factors, like
snow cover, and plant productivity factors seem to be
acting together in a way that makes it difficult to
distinguish between them. Our basic results indicate a
large phase-of-fallow effect. Thus, it seems easier to
determine the effects of various factors using ASD
change data following the residue phase-of-fallow,
where crop stubble has less influence because of ,
decay or destruction. Multiple regression analysis only
gives a gross indication of factor influence, and one
factor can substitute for another if they have similar
data patterns. The fact that the combined winter factor
and the two-year plant productivity factor have the
same rankings of values among winters (Table 1) is the
reason the two show similarly large R2 values in
regressions with residue phase data (Table 5). If a true
plant productivity effect were dominant, the 1-year
plant productivity factor should produce larger R2
values, as it would seem to logically represent plant
growth better than the 2-year plant productivity factor.
Modest influence of tillage treatments (Tables 2, 3,
4, 5) appears to occur because the tillages are all rather
shallow, about 10 to 15 em deep, and perhaps even
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more importantly, because the results are dominated
by large weather cycle-driven changes in ASD.
Another factor is the fact that during the stubble phase
of fallow in the wheat-fallow system, tillage treatments
are similarly dominated by crop stubble. Studies with
deeper and more varied tillage effects, that are less
subject to weather cycle influence, show considerably
more tillage effects on ASD results. Examples are
given by Bullock et al. (17) and Larney et al. (18).
In terms of soil management for sustainable crop
production, modern conservation tillage practices will
not positively influence purely soil factors of wind
erodibility, represented by dry ASD. Weather cycle
effects dominantly influence aggregate size
distribution and assodated surface soil properties.
Tillage influences soil roughness, an important
component factor of wind erodibility. However, soil
roughness decays with predpitation. During periods
of wind erodible surface soil conditions, standing and
flat residue structures become the first line of defense
against wind erosion.
ACKNOWLEDGEMENTS

The authors acknowledge the work of Mr. D. D.
Schlenker with wind erodibility studies and the
supporting work of the following: Mr. M. D. Hecker,
Mr. F. C. Jacober, Ms.]. P. Nielsen, Ms. M. L. Peterson,
Mr. G. F. Quill, Mr. L. L. Rutschke, and Ms. }. M.
Wilson.
REFERENCES:

1.

2.

3.

4.

5.

6.

7.

Chepil, W. S. 1962. A compact rotary sieve and
the importance of dry sieving in physical soil
analysis. Soil Sci. Soc. Am. Proc. 26:4-6.
Zobeck, Ted M. 1991. Soil properties affecting
wind erosion. ]. Soil Water Conserv. 46:112-117.
Fryrear, D. W. 1994. Revised wind erosion
equation. p. 46-48. In Proc. Symp. Current
Emerging Erosion Prediction Technology. Aug.
10-11, Norfolk VA. pub. Soil Water Conservation
Soc. Ankeny, IA. (Extended Abstract).
Bisal, F., and W. S. Ferguson. 1970. The effect of
nonerodible aggregates and wheat stubble on
initiation of soil drifting. Can. ]. Soil Sci. 50:3134.
Woodruff, N. P., and F. H. Siddoway. 1965. A
wind erosion equation. Soil Sci. Soc. Am. Proc.
29:602-608.
Fryrear, D. W., C. A. Krammes, D. L. Williamson,
and T. M. Zobeck. 1994. Computing the wind
erodible fraction of soils. ]. Soil Water Conserv.
49:183-188.
Campbell, C. A., A. P. Moulin, D. Curtin, G. P.
Lafond, and L. Townley-Smith.
1993.
Soil
aggregation as influenced by cultural practices in

35

Research Articles

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

36

Saskatchewan: I. Black Chernozemic soils. Can. ].
Soil Sci. 73:579-595.
Campbell, C. A., D. Curtin, S. Brandt, and R. P.
Zentner. 1993. Soil aggregation as influenced by
cultural practices in Saskatchewan: II. Brown and
Dark Brown Chernozemic soils. Can. ]. Soil Sci.
73:597-612.
Zobeck. T. M., and T. W. Popham. 1990. Dry
aggregate size distribution as influenced by tillage "
and precipitation. Soil Sci. Soc. Am.]. 54:198-204.
Gardner, W. R. 1956. Representation of soil
aggregate-size distribution by a logarithmic-normal
distribution. Soil Sci. Soc. Am. Proc. 20:151-153.
Moulin, A. P., and L. Townley-Smith. 1993. p. 155161. In Soil and Crops Workshop; Crop Quality ...
What Does It Mean?
Univ. Saskachewan,
Saskatoon, Saskachewan, Canada.
Bisal, F., and W. S. Ferguson. 1968. Monthly and
yearly changes in aggregate size of surface soils.
Can. ]. Soil Sci. 48:159-164.
Merrill, S. D., A. L. Black, T. M. Zobeck, and D. W.
Fryrear. 1992.
Wind erodibility of wheatsummerfallow cropping system as affected by
multiyear drought and conservation tillage. p.
332. Agron. Abstr. , Am. Soc. Agron., Madison, WI.
Merrill, S.D., A. L. Black, T. M. Zobeck, and D. W.
Fryrear. 1993.
Conservation tillage mitigates
vulnerability of wheat-summerfallow cropping
system to wind erosion. Conf. Proc. Abstr.,
Intern!. Workshop Sustainable Land Mgmt. 21st
Century, Univ. Lethbridge, Lethbridge, Alberta,
Canada. p. 157-159.
Chepil, W. S. 1954. Seasonal fluctuations in soil
structure and erodibility of soil by wind. Soil Sci.
Soc. Am. Proc. 18:13-16.
Armbrust, D. V., ]. D. Dickerson, E. L. Skidmore,
and 0 . G. Russ. 1982. Dry soil aggregation as
influenced by crop and tillage. Soil Sci. Soc. Am.
]. 46:390-393.
Bullock, M. S., F. ]. Lamey, and C. W. Lindwall.
1993. Tillage management effects on aggregate
size fractions influencing wind erosion. p. 253-259.
In: 30th Ann. Alberta Soil Sci. Workshop Proc.
Feb. 22-24, 1993. Edmonton, Alberta, Canada.
Lamey, F. ]., C. W. Lindwall, and M. S. Bullock.
1994. Fallow management and overwinter effects
on wind erodibility in Southern Alberta. Soil Sci.
Soc. Am. ]. 58:1788-1794.

19. Layton, ]. B., E. L. Skidmore, and C. A. Thompson.
1993.
Winter-associated changes in dry-soil
aggregation as influenced by management. Soil
Sci. Soc. Am. ] . 57:1568-1572.
20. Anderson, C. H. , and A. Wenhardt. 1966. Soil
erodibility, fall and spring. Can. ]. Soil Sci. 46:255259.
21. Bisal, F., and K. F. Nielson. 1967. Effect of frost
action on the size of soil aggregates. Soil Sci.
104:268-272.22. Hinman, W. C., and F. Bisal. 1968. Alterations of
soil structure upon freezing and thawing and
subsequent drying. Can. ]. Soil Sci. 48:193-197.
23. Logsdail, D. E., and L. R. Webber. . 1959. Effect of
frost action on Haldimand clay. Can. ]. Soil Sci.
39:103-106.
24. Anderson, C. H., and F. Bisal. 1969. Snow cover
effect on the erodible soil fraction. Can. ]. Soil Sci.
49:287-296.
25. Hagen, L. ]. 1991. A wind erosion prediction
system to meet user needs. ]. Soil Water Conserv.
46: 106-111.
26. Zobeck, T. M., D. L. Mokma, E. L. Skidmore, S.D.
Merrill, M. ]. Lindstrom, R. E. Yoder, and]. A.
Lamb. 1992. A national study of soil properties
related to wind erosion. p. 343. Agron. Abstr.,
Am. Soc. Agron., Madison, WI.
27. Black, A. L., and D. L. Tanaka.
1995. A
J
onservation tillage-cropping systems study.
Northern Great Plains. In E. A Paul, ed. Proc. Soil
Organic Matter, Agroecosysterns Carbon Pools and
Dynamics Proj. U. S. Environmental Protection
Agency. Washington, D.C. (in press).
28. SAS Institute, Inc. 1990. SAS/ STAT User's Guide,
Version 6, 4th edn., vol. 2. Cary, NC. p. 893-1686.
29. Black, A L.
1973.
Soil property changes
associated with crop residue management in a
wheat-fallow rotation. Soil Sci. Soc. Am. Proc.
37:943-946,

journal of the Minnesota Academy of Science

